the course and effects of rehabilitation in patients receiving hybrid and classic treatments during the in -hospital period. Selected parameters monitored during the individual cycles of rehabilitation, the pace of mobilization, and the cost of rehabilitation in both study groups were analyzed.
PATIENTs ANd mEThOds
We analyzed patients participating in POLMIDES, a developmental program financed by the National Centre for Research and Development (no. N R13008406/2009, Bioethics Committee approval no. KNW/002/ KB1/168/08/0), conducted at the Silesian Center for Heart Diseases in Zabrze, Poland, from November 2009 to December 2013. 15 We enrolled 200 consecutive patients with angiographically documented multivessel CAD with involvement of the LAD, who were referred for arterial revascularization with at least 1 hemodynamically significant lesion (>70%) in the other arteries and who were suitable for PCI and CABG. The inclusion and exclusion criteria of the study are presented in TAbLE 1.
Randomization
In the main POLMIDES study, patients meeting the inclusion criteria were randomly assigned to 2 treatment groups. The first group consisted of 98 patients subjected to hybrid revascularization in 2 treatment stages. The first stage included grafting of the arterial bypass of the LIMA to the LAD, using the minimally invasive direct coronary artery bypass (MIDCAB) / endoscopic atraumatic coronary artery bypass technique. The second stage consisted of the PCI procedure with implantation of stents coated with antimitotic drugs to the remaining coronary arteries that were subjected to treatment within 36 hours from the completion of the first stage. The second group included 102 patients who underwent conventional surgical revascularization with or without the use of cardiopulmonary bypass. Six patients who had been previously randomized to the hybrid group required conversion to the full CABG and were assigned to the classic group.
Finally, 92 patients in the hybrid group (MIDCAB + PCI) and 108 patients in the classic group (CABG / off -pump coronary artery bypass [OPCAB]) were analyzed. All patients were screened by a local heart team (at least 1 interventional cardiologist and a cardiothoracic surgeon). The heart team checked all the inclusion and exclusion criteria and the eligibility of patients to undergo MIDCAB + PCI. Eligible patients were randomized in a 1:1 fashion to hybrid or standard surgical treatment, using closed envelopes. The study protocol was approved by the local ethics committee and complied with the Declaration of Helsinki. All study participants provided written informed consent to enrollment and data collection.
Rehabilitation management scheme The initial rehabilitation management scheme for patients (PCI) with implantation of bare -metal stents to LIMA implantation to the proximal LAD segment strongly confirm the superiority of the surgical procedure. 5 The hybrid method of revascularization in patients with advanced multivessel CAD has been popularized because it is minimally invasive and spares patients from complications associated with cardiopulmonary bypass and median sternotomy that are used during the classic coronary artery bypass graft (CABG) surgery. 6,7 According to the current knowledge, it is expected that the hybrid treatment of these patients will have similar direct effectiveness but with higher safety (eg, lower frequency of bleeding, perioperative myocardial infarctions, and strokes), as well as a shorter duration of hospitalization and rehabilitation.
Rehabilitation of patients depends on the applied revascularization method and constitutes an integral part of the in -hospital treatment. Moreover, the choice of the method to a large extent determines the course of the postoperative period as well as the speed and effects of rehabilitation. The management encompasses the preparation before the procedure (in the case of the classic method) and rehabilitation after the operation. 8, 9 Regardless of the applied surgical technique, the management is focused on the same aims: prevention of the effects of immobilization; implementation of the mechanisms of appropriate pulmonary ventilation, cough, and expectoration; and mobilization of patients as soon as possible, such as learning how to change positions and move in bed, especially in patients scheduled for classic revascularization using sternotomy. 10, 11 The benefits of implementing rehabilitation in patients following elective PCI are still underestimated. However, several initiatives in the field have been undertaken, including a study by Martynova et al. 12 Mobilization of the patient depends on whether the procedure is performed using a radial or femoral artery approach. Constant monitoring of the patient during exercise and an individual approach to each patient with regards to concomitant noncardiac diseases influence patient safety and thus the quality and effectiveness of treatment. Rehabilitation during the in -hospital period should not only consider the current physical condition of the patient but also its effect on mental health, social activities, and a possible return to professional work, thus fulfilling one of the essential rules of rehabilitation-comprehensiveness. 13, 14 Data on the rehabilitation of patients treated with the hybrid method during hospitalization are still lacking. The prospective randomized clinical trial POLMIDES, 15 assessing the effect of hybrid treatment on the in -hospital outcomes and long-term results of patients with multivessel CAD, distinguished a new group of patients undergoing rehabilitation during this stage of treatment. The aim of our study was to compare the physiotherapist, and unassisted walking without restrictions, also on the stairs. day 1 after the procedure Three monitored rehabilitation cycles were applied: cycle 1 in the morning, cycle 2 at noon, and cycle 3 in the afternoon. Patients from the hybrid group omitted one of the cycles because they were at a hemodynamic laboratory at that time for the second stage of treatment according to the protocol of the POLMIDES trial (PCI up to 36 hours after the MIDCAB procedure). Patients presenting with symptoms of evident circulatory failure, those returning to the operating theatre due to bleeding, or those with other contraindications to exercise were also excluded from rehabilitation at certain cycles. day 2 after the procedure Two monitored cycles of rehabilitation were applied: cycle 4 in the morning and cycle 5 in the afternoon. A patient was encouraged to repeat breathing exercises and unassisted motor activity after drainage removal. Patients from the hybrid group subjected to PCI were mobilized after the removal of pressure dressing from the femoral artery. day 3 after the procedure One cycle of rehabilitation, cycle 4, was conducted in the morning. The aim of rehabilitation was to achieve full independent mobility by the patient. from both study groups, presented in FIGuRE 1, was modified depending on the patient's clinical condition and periprocedural complications.
Preparation before the procedure Preparation started on the day of hospital admission, 1 day before the planned surgical procedure. Each patient was provided with all the essential information concerning the course of rehabilitation in the postoperative period, such as learning the "effective cough" and methods of stabilization of the sternum or the postoperative wound depending on the surgical technique applied. Moreover, patients were taught how to change positions and move in bed, and the purpose of using analgesic agents was explained Rehabilitation cycles Rehabilitation was started after extubation and was continued throughout the whole hospitalization. A rehabilitation cycle included the following: chest percussion facilitating evacuation of bronchial secretion; cough stimulation preceded by sternum or wound stabilization, depending on the surgical technique applied; breathing exercises improving lung ventilation, with the use of breathing exercise devices; active exercises, general mobility exercises done by the patient under the guidance of a physiotherapist (instruction); and gradual controlled mobilization of the patient, starting from sitting in the bed in the cardiological (armchair) position through sitting on the bed with legs down, verticalization, walking with the assistance of Severe heart failure (NYHA class III or IV), pulmonary edema, cardiogenic shock at randomization, prior surgical procedure requiring the opening of pericardial sac and/or pleural cavities Significant bleeding in the last 6 months, posing a risk for recurrence of bleeding during anticoagulant therapy associated with PCI/CABG More than 1 chronic total occlusion in major epicardial arteries except the LAD Left coronary artery trunk stenosis >50%
STEMI within 72 hours before randomization requiring urgent revascularization
Stroke in the last 6 months (or earlier in the case of significant neurological deficits)
Planned simultaneous surgical procedure apart from revascularization (eg, valve replacement/repair, aneurysmectomy, endarterectomy of the carotid artery, or carotid artery stenting)
Significant leukopenia, neutropenia, thrombocytopenia, anemia, or other serious hematological disorder
Intolerance of, contraindications to, or resistance to treatment with aspirin, clopidogrel, or ticlopidine
Extracardiac conditions with predicted survival shorter than 5 years (eg, COPD depending on passive oxygen therapy, active hepatitis, hepatic failure, severe renal disease)
Pregnancy or suspicion of pregnancy Lack of informed consent to participate in the study Abbreviations: CABG, coronary artery bypass grafting; CAD, coronary artery diseas; LAD, left anterior descending artery; NYHA, New York Heart Association; PCI, percutaneous coronary intervention; COPD, chronic obstructive pulmonary disease; STEMI, ST -segment elevation myocardial infarction index, arterial hypertension, diabetes, hyperlipidemia, cigarette smoking, previous myocardial infarction, grade of angina pectoris according to the Canadian Cardiovascular Society classification, heart failure stage according to the New York Heart Association classification, left ventricular ejection fraction, European System for Cardiac Operative Risk Evaluation (EuroSCORE), and the SYNTAX score. The following biochemical parameters were also analyzed: glomerular filtration rate, total cholesterol, high -density lipoprotein cholesterol, low -density lipoprotein cholesterol, and triglycerides. The parameters monitored in the individual cycles of rehabilitation were as follows: arterial blood pressure, systolic and diastolic blood pressures, heart rate, the use of pressor amines, occurrence of chest and sternum pain, blood pressure drops during rehabilitation, and occurrence of atrial fibrillation (AF). subsequent follow -up Breathing and general mobility rehabilitation were continued until discharge from the hospital. The exercises were aimed at improving the patient's physical capacity and breathing capacity. Patients were encouraged to prolong the distance and pace of walking through the corridor and on the stairs. They were also educated on the management at home, further convalescence, and a healthy lifestyle. Education concerned the risk factors for cardiovascular diseases and the methods of disease control, the role of physical activity in both prevention and postoperative treatment, and dietary recommendations. Each patient received home health counseling after discharge, including advice on worrying symptoms during exercise in the early postoperative period. The analysis was conducted for each patient individually, and a comparison was made providing the average costs calculated per patient in Polish zlotys. statistical analysis The studied groups were compared with respect to anthropometric parameters, concomitant diseases, and clinical factors, and the effects of treatment during the in -hospital period were compared with the results of parameters monitored in the individual cycles of rehabilitation. The stages of gradual mobilization were compared depending on the postoperative day and cycle of rehabilitation, and the costs of rehabilitation in both study groups were also analyzed.
Continuous parameters with a normal distribution were presented as means with SD, and the significance of differences between the groups was assessed by the t test. Continuous parameters with a nonnormal distribution were presented as medians, and the significance of differences between the groups was assessed by the Mann -Whitney test. Qualitative parameters were presented as percentages, and the significance of differences between the groups was assessed by the χ 2 test (in the case of expected frequencies, <5 Yates correction was applied). A P value of 0.05 or less was considered significant.
REsuLTs Analysis of the individual rehabilitation cycles
The characteristics of the study groups are presented in TAbLE 2. The groups were homogeneous in terms of the assessed parameters; the only difference was a higher perioperative risk in the group of patients undergoing classic CABG (P = 0.028), as assessed by the EuroS-CORE. Death or neurological complications such as stroke were not reported in any of the groups (TAbLE 2). The classic group significantly more often required transfusion of blood preparations (29.63% vs 15.22%).
During the 3 monitored cycles (FIGuRE 2A) , the hybrid group showed lower SaO 2 than the classic group (P = 0.049 for cycle 1, P = 0.002 for cycle 2, and P = 0.02 for cycle 3). In the classic group, systolic blood pressure was lower than that in the hybrid group in cycles 1 to 4 (P ≤0.001) (FIGuRE 2b), and diastolic blood pressure was lower in all the cycles (FIGuRE 2C) . No significant differences in heart rate were observed between the groups during any of the cycles (FIGuRE 2d) . In the group undergoing classic CABG, pressor amines were more frequently used in all cycles except the last one in which this parameter was not studied per the trial's protocol. The hybrid group showed significantly lower SaO 2 in cycles 2 and 3. The selected parameters monitored during all the cycles of rehabilitation are presented in Supplementary material, Figure S1 . Because SaO 2 was not monitored in cycle 4, these results were not analyzed. In cycle 4, AF occurred significantly more often in the classic group than in the hybrid group (17.8% vs 5.7%). In cycles
The analyzed stages of gradual mobilization included sitting in the cardiological position, active verticalization, the first walk, and unassisted walking without restrictions.
Cost analysis The costs of rehabilitation during the in -hospital period were estimated based on data from resource allocation and cost calculation at the Silesian Center for Heart Diseases. These data included the scope of costs of each rehabilitation procedure, including both personnel costs and the costs of breathing exercise devices. (SD) costs of the procedures calculated per patient were lower in the hybrid group than in the classic group (P <0.001). The costs of breathing exercise devices calculated per patient were also lower in the hybrid group than in the classic group (32.87 PLN vs 76.58 PLN). Finally, the total costs of rehabilitation were also lower in the hybrid group than in the classic group.
Number of patients in individual cycles of rehabilitation
The groups differed in the number of patients participating in the individual cycles of rehabilitation. This resulted from the fact that in the hybrid group, during the first 3 cycles, most patients were undergoing the second stage of treatment at the hemodynamic laboratory and did not participate in those particular cycles. Moreover, patients presenting with circulatory or respiratory failure, patients returning to the operating theatre due to bleeding, or those with other contraindications to exercise were excluded from rehabilitation in both groups. In cycle 6, several patients from the classic and hybrid groups underwent rehabilitation in a cardiac surgery department. Finally, some patients achieved stable clinical condition and full self -reliance earlier, and they were no longer monitored during the final cycles of rehabilitation.
dIsCussION Current data on hybrid treatment and rehabilitation of patients with multivessel coronary artery disease The PubMed, Medline, and MESH databases were searched using the terms "hybrid treatment" and "multivessel coronary artery disease". "Rehabilitation" and "in -hospital stage" filters were applied for the period from January 2005 to May 2017, without linguistic restrictions, and the databases of medical libraries in the Silesian region were also searched. We identified few papers assessing this method of treatment or comparing the hybrid method of revascularization with classic CABG. According to the literature, hybrid treatment is an effective and safe method associated with minimal risk. No studies 5 and 6, most parameters were similar between the groups except for the use of pressor amines in cycle 5 ( 
Comparison of stages of gradual mobilization depending on the postoperative day and cycle of rehabilitation
Patients from the classic group were able to sit (P <0.001), remain vertical (P <0.001), and walk (P = 0.01) earlier than those in the hybrid group. However, completion of rehabilitation and discharge from the hospital occurred earlier in the hybrid group (P = 0.001) (TAbLE 4). A slower pace of mobilization during the first 2 days after the procedure in the hybrid group was associated with the second stage of treatment at the hemodynamic laboratory and the necessity to immobilize the patient until the removal of the pressure dressing. However, this slower pace did not influence the mean (SD) duration of rehabilitation and hospitalization, which was shorter in the hybrid group than in the classic group ( Costs of rehabilitation The analyzed rehabilitation procedures performed during hospitalization included active general mobility exercises, breathing exercises, breathing kinesiotherapy, and mobilization (sitting, active verticalization, walking with the assisstance of the physiotherapist). The costs of the rehabilitation procedures (including the breathing exercise devices, such as a bottle with water for exhale -resisting exercises and a TRI -FLO apparatus for inhale -resisting exercises; sternum belt; and other costs, including personnel costs) are presented in Pain, n (%) 5 (5.9) 8 (7.5) 0.84
Arterial BP drops, n (%) 3 (3.5) 11 (10.4) 0.12 AF, n (%) 4 (4.7) 8 (7.5) 0.59
the average values of the continuous variables, and not the binary data. Therefore, we did not adjust the results of our study for the small absolute difference in the EuroSCORE.
Results of treatment with hybrid revascularization
The characteristics, treatment, and outcomes of patients with acute coronary syndromes in Poland were reported by Poloński et al 16 and Zembala et al. 17 In a study by Harskamp et al, 18 hybrid coronary revascularization (HCR) was associated with a significantly lower number of complications during the in -hospital period compared with CABG; however, during a 3 -year follow -up, mortality rates observed after HCR and CABG were similar.
In a meta -analysis by Peng Zu et al, 19 including patients from various centers, hybrid revascularization was compared with classic CABG. No significant differences in the rates of mortality, myocardial infarction, stroke, AF, or renal insufficiency were found during the in -hospital period or after a 12 -month follow -up.
that directly compared the results of rehabilitation after the hybrid strategy for multivessel CAD were found. Importantly, our paper is the first randomized study on this topic. Therefore, our comparative analysis of the course of rehabilitation seems to be completely reliable.
The studied groups did not differ in terms of the assessed parameters except the EuroS-CORE (P <0.05). The EuroSCORE did not differ between the originally randomized groups, analyzed by the intention -to -treat principle (per protocol, as they were randomized). However, in the current analysis, the groups were selected as the patients were treated (not as they were randomized), which explains the difference in the EuroSCORE. In our opinion, this one difference did not affect the similarity between the groups in a meaningful way. Although the difference was significant, the absolute difference between the groups was only 0.15 points. Moreover, we did not define any outcome measures in our study. All the results were presented, analyzed, and discussed. Most of them were hypoxia as a result of gas exchange disorders in the lungs. Our results for SaO 2 confirm that the ventilation of one lung and an increase in pain in patients undergoing minimally invasive procedures affect SaO 2 values during the early postoperative period.
Effects of applied revascularization techniques
The postoperative period is often associated with rapid fluctuations in cardiac hemodynamic parameters. An advantage of minimally invasive procedures performed without cardiopulmonary bypass is, apart from a lower demand for blood products, a less frequent use of catecholamines. Kucewicz et al 25 compared the perioperative management and results of treatment in patients operated by the classic method without cardiopulmonary bypass. Catecholamines were administered to 18% of patients in the CABG group and to 9% of those in the OPCAB group. In our own studies, pressor amines were also used significantly more often in patients who received classic revascularization. The use of pressor amines, especially at higher doses (>5 mg/kg/min), prolongs hospitalization at the intensive care unit and delays the patient's mobilization, as compared with standard management without the use of amines.
Fluctuations in arterial blood pressure in the early period after revascularization can be caused by different factors. In patients undergoing a classic surgery, it can result from the adverse effect of cardiopulmonary bypass. In patients undergoing MIDCAB procedures, despite not using cardiopulmonary bypass, significant fluctuations in cardiac hemodynamic parameters are often observed both before and after the surgical procedure. Performing the procedure with this technique is associated with the necessity of opening the pleural cavity during the procedure, which causes pneumothorax and thus cardiopulmonary
In the 12 -month follow -up of the POLMIDES trial, the rates of mortality, myocardial infarction, bleeding, and the necessity for repeat revascularization were similar between the hybrid and classic treatment groups. No cerebral accidents were observed in the groups either. The limitations of the study included a pilot design and a follow -up of only 12 months, which was not long enough to illustrate the long -term effect of CABG compared with HCR, with respect to major cardiac events. In our study, we did not compare differences in the rates of mortality between the groups either.
Factors influencing early postoperative rehabilitation From a practical point of view, the most important factor during rehabilitation is the patient's clinical condition. In the early postoperative period, monitoring essential vital signs (SaO 2 , arterial blood pressure, and heart rate) is required to detect any potential threats and thus conduct rehabilitation in a safe way. 20 The pace of rehabilitation largely depends on the use of pressor amines and the presence of irregular heartbeat (AF), pain, and blood pressure drops during exercise.
AF worsens the patient's clinical condition and prolongs the duration of hospitalization.
21,22
Siebert et al 23 compared the occurrence of AF in patients after CABG and OPCAB and reported no differences between the groups. When analyzing the occurrence of AF in our own study during the 6 cycles of rehabilitation, only a trend towards a rarer occurrence of AF in the hybrid group was observed.
Regardless of the applied surgical technique, pain always occurs during the postoperative period. However, the median sternotomy approach is associated with less pain than lateral thoracotomy. 24 Mechanical ventilation of one lung during the procedure can pose a high risk of 
